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Background
Community health workers (CHWs) are generally defined as community members chosen by their community to support or provide health interventions at household level; they are linked to the health system, but have shorter training than professional health workers [1] . Deployment of CHWs can address barriers to preventive and curative care, increasing coverage of key interventions including maternal and child health services, and improve continuity of care during pregnancy and the postnatal period [2] . Together, these can accrue substantial health benefits for communities including mothers and children [3] .
In South Africa, where HIV prevalence amongst pregnant women varies between 16.9 and 37.4% across provinces [4] , maternal and child mortality remain higher than expected despite evidence-based packages of care being available in primary health care (PHC) facilities [5] . To improve survival, coverage of key interventions must increase, particularly early antenatal care (ANC) attendance (before 22 weeks), postnatal care and infant feeding support, prevention of mother-to-child HIV transmission (PMTCT) interventions and early access to antiretroviral therapy (ART) for mothers living with HIV and their infants.
However, improvements in facility-based care for pregnant women, mothers and children may have limited impact. In South Africa, over half of child deaths occur outside of the health facility [6] largely due to a failure to recognise serious illness amongst children in the home, so that children present late to health facilities. CHW-based interventions may bridge this gap and, in some settings, have substantially reduced maternal and neonatal mortality [7] [8] [9] [10] . Elsewhere, however, CHW interventions that improved knowledge and care practices amongst mothers had no effect on maternal and child health outcomes [11] . The implementation and outcome of CHW programmes is dependent not only on appropriate training but also on support and effective supervision that is coordinated with PHC services [2] .
In South Africa, most CHWs are recruited and employed by the Department of Health and receive a small stipend. CHWs fulfil a variety of roles in the community including home-based care, adherence support for antiretroviral and TB treatment as well as provision of maternal and child health (MCH) services. Their role in provision of MCH services in households includes counselling about early ANC attendance, identification of danger signs in newborns and support for breastfeeding and is clearly described in the Department of Health policy for community-based maternal, child and newborn care [12] .
In this study, we implemented the WHO Community Case Management (CCM) training [13] , combined with ongoing mentoring using a continuous quality improvement (CQI) approach [14] , to improve and maintain skills of CHWs caring for mothers and children in the community. CCM is based on treatment algorithms developed for Integrated Management of Childhood Illness (IMCI) and broadens access to care by equipping CHWs with skills to support pregnant women and assess and manage sick infants and children in the household [15] . We adapted CCM materials to include interventions to support uptake and delivery of PMTCT and ART services.
CQI is a simple, low-tech approach to the management and supervision of health programmes which has been successfully used to improve PMTCT uptake at facility level in South Africa [16, 17] . The CQI method guides practitioners to better performance by using locally generated data to provide feedback on practices and knowledge. Once gaps in performance are shown, health workers generate, develop and test local solutions and track change in performance to achieve improvement [14, 18] .
Here, we report the number of CHW visits and changes in maternal knowledge, household child care practices, care-seeking behaviour and uptake of facilitybased maternal and child health interventions by mothers residing in households served by CHWs provided with additional training and supervised using a CQI mentoring approach.
Methods

Study design
This is a cluster randomised controlled trial in which 30 CHW supervisors in a high HIV prevalence rural community in South Africa were randomly allocated to intervention (n = 15) and control (n = 15) arms. From the CHWs routinely managed by each supervisor, four were randomly selected (n = 60 per study arm). CHWs in the intervention arm received training in WHO HIVadapted CCM, formed quality improvement teams (comprising the CHW supervisor and four selected CHWs) and participated in bi-monthly mentoring using CQI methods for 15 months including a 3-month lead-in period. Participants received no monetary or other incentives to participate.
To assess the effect of the intervention on maternal health behaviour, knowledge and infant feeding practices, household surveys were conducted amongst independent samples of mothers of infants aged <12 months old residing in households served by participating CHWs. Surveys were conducted at baseline, prior to implementation of CCM training and CQI mentoring and at follow-up, 15 months following initiation of the intervention.
An independent assessment team conducted the two surveys using a structured questionnaire in the local language (isiZulu). Paper questionnaires were used at baseline, and a tablet-based data collection system was used for the follow-up survey.
Study setting
The study was conducted in Ugu Health District, KwaZulu-Natal (KZN), South Africa. This district has a population of approximately 700 000 people, predominantly living in rural areas. There are 47 fixed PHC clinics, 14 mobile clinics, three district hospitals and one regional hospital located in the district. CHW supervisors are experienced CHWs selected by the local health authorities, have a minimum grade 12 education and three or more years of experience as a CHW. CHWs provide support to households within geographically distinct catchment areas and visit pregnant women and new mothers regularly during pregnancy and postdelivery. At the time of the study, there were 32 CHW supervisors and 956 CHWs providing services to communities in the district. On average, each participating supervisor supervised 26 CHWs (range 7-59).
Study participants: CHWs and mothers
All CHW supervisors working in the district and all CHWs with a minimum grade 10 education were eligible for randomisation into the study. Supervisors and CHWs identified through randomisation were subsequently invited to participate.
Mothers were recruited into the surveys if they were aged 18 years or more, had an infant aged less than 12 months of age and were living in a household served by a participating CHW. Mothers were not eligible if they had resided in another community in the 12 months prior to the study. All eligible mothers were invited to participate.
CHW training
All CHWs had received routine 10-day KZN Department of Health training on community-based care of women and infants prior to study implementation. In the intervention arm, CHW improvement teams received two additional weeks of training on community care of pregnant women and newborns based on WHO CCM materials [19] adapted to include relevant aspects of HIV care. Training included guidelines on antenatal and postnatal visits, with information on HIV and PMTCT, as well as identification of signs of illness in newborn infants and children. Training was supported by detailed materials, conducted in the local language (isiZulu) and included both theoretical and clinical components. Training was conducted with three groups of 25 participants between May and August 2012.
CQI intervention
The 12-month CQI mentoring intervention was preceded by a 3-month lead-in phase to establish mentoring meetings and processes and was conducted between August 2012 and November 2013. CHWs routinely documented and summarised a limited set of data for women they visited, including gestational age at first booking (from ANC cards), if women had ever tested for HIV (without documenting test results), coverage of PMTCT interventions, delivery site (home or facility) and early infant feeding practices. CHW improvement teams received bi-monthly mentoring from experienced quality mentors based at the University of KZN and employed by the project, using a CQI approach. During mentoring meetings, teams reviewed data elements collected by CHWs to identify gaps and together design tests of ideas for how challenges could be resolved. Quarterly learning sessions were convened at which CHW improvement teams presented their progress to provide opportunities for peer learning across CHW groups. This intervention is described further elsewhere [20] .
Measurements at baseline and follow-up Care-seeking Mothers were asked if she had needed to go to the clinic in the past 6 months, either for herself or for her child, but had not gone for any reason.
CHW visits
Mothers were asked if and how often the CHW had visited during pregnancy and after delivery and if the CHW had provided information about key antenatal and postnatal health topics.
Maternal, neonatal and child health knowledge
Knowledge was assessed using four questions. A total knowledge score for each participant was calculated; see Table 1 for details on scoring.
Infant feeding practices
Mothers of infants under 6 months old were asked if they had ever breastfed their infant, if they were currently breastfeeding and, if the infant was >6 weeks old, how they fed their infant during the first 6 weeks of life.
Statistical analysis
Demographic characteristics in baseline and follow-up study samples in the intervention and control groups were summarised by percentages, means and standard deviations. Outcomes were compared between intervention and control groups using intention to treat analysis. Outcomes were compared at each time point and changes in each group compared between time points. These comparisons were made first without adjustment, followed by repeated-measures linear or logistic regression, as appropriate, for continuous or dichotomous measures, respectively, with random intercepts for supervisors and CHWs within the experimental group. The regression models used change between time points as the dependent variable. To account for within-subject correlation of measurements over time, we used the SAS MIXED procedure for numeric outcomes [21] and SAS GENMOD procedure to implement the generalised estimating equation (GEE) approach for binary outcomes [22, 23] . Results were expressed as odds ratios (OR) with 95% CI. The p values were two-sided and statistical significance was defined at the 5% level. All analyses were conducted with type I error set at 0.05 for each pairing of dependent and independent variables. The SAS statistical software package 9.2 was used for all computations.
Ethics
Written informed consent was obtained from all participating CHWs, supervisors and mothers. Ethical approval was obtained from the Biomedical Ethics Review Committee at the University of KwaZulu-Natal (BGC077/11), World Health Organization and the University of California, San Francisco (12-08526). Permission to undertake the study was obtained from the KZN Department of Health.
Results
The baseline survey was conducted between April and August 2012 and the follow-up survey between November 2013 and March 2014. Participating CHWs provided a list of households served at each time point. One intervention CHW dropped out due to language difficulties and one control CHW died during the course of the study; however, data was collected both at baseline and follow-up in the households served by these participants. Each CHW served an average of 62 households (range 28-155). Participant enrolment and allocation are shown in Fig. 1 .
Social and demographic characteristics of interviewed mothers are described in Table 2 . These were similar in the intervention and control arms at both survey time points. 
CHW visits
The frequency of and activities completed during CHW visits amongst pregnant women are shown in Table 3 . Improvements in mother-reported provision of health information were observed amongst intervention CHWs compared to control CHWs. Changes differed significantly between groups (time × treatment interaction) with respect to provision of information about early ANC attendance (p < 0.0001), danger signs in pregnancy (p < 0.0001), importance of going to clinic for postnatal care (p < 0.0001), infant feeding (p < 0.0001) and danger signs in newborn babies (p < 0.0001). Provision of breastfeeding assistance was higher in the intervention group (p < 0.001). Among only those mothers who reported receiving a visit from a CHW at follow-up, mothers in the intervention group were more likely than control mothers to have received key health information during these visits 
Care-seeking
Self-reported care-seeking practices over the preceding 6 months amongst participating mothers at baseline and follow-up are shown in Table 4 . At follow-up, significantly fewer intervention mothers reported failing to seeking treatment when needed for themselves or for their child(ren). Time and costs to attend the clinic were similar in both groups at both time points (Table 2) .
Infant feeding
Infant feeding practices amongst participating mothers at baseline and follow-up are shown in Table 5 . At follow-up, a significantly greater proportion of mothers in the intervention group reported having exclusively breastfed their infant for 6 weeks (p = 0.02). Further, the changes from baseline to follow-up differed between groups (p = 0.001 for time × treatment interaction).
Knowledge about maternal, neonatal and child health
Knowledge was similar in both intervention and control groups at baseline (mean score 48% in both intervention and control groups, p = 0.85). At follow-up, there was a statistically significant difference in mean knowledge scores between intervention and control participants (mean scores 49 vs 43%, p = 0.008). When the change in knowledge was examined, there was a statistically significant difference between the two groups (p = 0.002 for time × treatment interaction).
Coverage of facility-based services
Attendance at clinics was high for both groups at all measured times in the study with no significant differences observed. ANC attendance at baseline was high in intervention and follow-up groups (98.6 vs 98.1%, p = 0.58) and was similar at follow-up (95.8 vs 98.4%, p = 0.09). Attendance for postnatal care within 1 week of delivery was high amongst both intervention and control groups at baseline (87.1 vs 82.8%, p = 0.24) and at follow-up (91.7 vs 88.3%, p = 0.19), with no differences between groups or at different survey time points. Amongst HIV-positive women at both survey time points, coverage of HIV testing and care and treatment services were high. The proportion of HIV positive mothers currently on ART was high in both intervention and control groups at baseline (87.8 vs 90.4%, p = 0.99) and was 98.4% for both intervention and control groups at follow-up (p = 0.98).
Discussion
We found that providing WHO adapted CCM training to CHWs supported by a CQI-based model of mentoring substantially increased the number of antenatal and postnatal household visits by CHWs and the proportion of mothers who were able to recall key health promotion messages. This was associated with improved infant feeding practices and care-seeking behaviours of mothers.
At follow-up, fewer mothers served by intervention CHWs reported failing to seek care if they or their infants were unwell. This may have been due to improved knowledge of mothers regarding danger signs amongst newborns and self-initiated attendance or because of direct prompting by CHWs who were visiting households more frequently.
Mothers served by intervention CHWs were more likely to disclose their HIV status to the CHW. This Table 4 Care-seeking practices amongst participating mothers at baseline and follow-up household surveys household survey T1 and T2
Baseline household survey Follow-up household survey Change-I-C, T1-T2
In past 6 months failed to go to the clinic for any reason Reported rates of exclusive breastfeeding for the first 6 weeks of life were higher amongst mothers and infants cared for by CHWs receiving the CQI intervention. This was associated with substantially greater interactions and support by CHWs at home to support optimal early infant feeding practices and improved knowledge about breastfeeding amongst mothers. In particular, there was a substantial increase in the proportion of mothers who received help with breastfeeding from the CHW. It appears that mothers were responsive to this support and, whilst exclusive breastfeeding rates were assessed only at 6 weeks of age, it is plausible that feeding practices improved throughout the first year of life. Improving coverage and duration of exclusive breastfeeding is cited as the most effective intervention to save infant lives and improve child health [24] ; our findings highlight the significant role that CHWs may have in support of maternal and infant health. In contrast to facility-based interventions where mothers rely on health workers to deliver a specific service, it appears that mothers supported by CHWs were more likely to take the initiative to improve health outcomes such as through health-seeking behaviour and infant feeding practices.
Although we were unable to demonstrate any change in coverage of facility-based interventions, this is likely because antenatal and postnatal attendance rates were already very high in both control and intervention groups at baseline and there was little scope to improve these. Coverage of HIV interventions was also very high at baseline and did not significantly change during the study period.
Although intervention CHWs received additional training based on the WHO CCM modules [19] , it is unlikely that this training alone could account for the observed changes in the intervention arm. Training alone is not likely to change health worker performance [25] . Thus, it is likely that the CQI intervention contributed to the improved outcomes shown in this study which were sustained for more than 1 year following training. Supervision and mentoring of health workers is cited as being essential for improving the quality of service delivery [24] [25] [26] [27] . In the same way that WHO recommends training, WHO also considers post-training supervision as integral to IMCI, CCM and the management of children with severe acute malnutrition. However, regular and sustained quality supervision and support for trained health workers is uncommon in health services in both low and middle resource settings [28, 29] .
CHWs work independently in isolated areas with less formal training than facility-based health workers, and supervision and support is therefore a considerable challenge for health systems. Yet supervision may not only improve performance of CHWs but also raise awareness of their role, legitimise their role in the community and improve CHW motivation and retention [30, 31] . However, it is unclear which supervision model would be most effective in most settings [28] , and there is little robust evidence of effectiveness of supervision models for CHWs. This study implemented a CQI-based mentoring approach amongst CHWs performing their routine work and tasks. CHWs collected specific data elements when visiting families and used these on a regular basis with their supervisor to review performance and outcomes; these were also shared at the joint learning sessions. In the past, CQI approaches have generally been used in health facilities with professional staff; in this study, we adapted such approaches so that CHWs, who had limited literacy and numeracy skills, could still utilise the data-driven method. Our study does not compare whether CQI is more or equally effective than other forms of supervision to improve CHW performance; however, we show that CQI can be successfully adapted for use with this cadre of health worker and performance can be improved. A central consideration of any supervision approach in low resource settings must be scalability and sustainability. In our setting, there were relatively large numbers of CHWs compared to supervisors, making the implementation of any supervision framework challenging. In the study, CHWs and supervisors formed small improvement teams that met regularly. Teams also met with other teams to facilitate peer-to-peer learning and problemsolving. All participants commented on the high acceptability and value they attributed to the CQI approach (data not shown). CQI approaches have been successfully implemented in a number of developing country settings, including some community settings [20] . This can be effective and provides a logical supervision and monitoring framework that can link services in facilities with activities in the community including amongst CHWs.
There are important limitations for scaling up the CQI approach used in this proof of concept study. This approach is resource intensive and requires skilled facilitators and tools to support CHWs data collection, and CHWs have to travel to meetings. However, routine supervision meetings do occur and CHWs collect routine data. These processes could be adapted to CQI principles and the CQI approach could provide the strong framework needed to strengthen supervision. However, this would require buy-in and resource allocation from the Department of Health to develop the required systems and will be particularly challenging given differences in CHW programme administration across districts and provinces. In addition, further evaluation would be required to assess the feasibility and effectiveness of this approach at scale.
Conclusions
Health systems in southern Africa are commonly underresourced and frequently inaccessible to the poorest and most isolated in the community. CHWs are an important resource for improving the care of mothers and children in communities and for reaching universal coverage of interventions; however, their effectiveness will be constrained unless adequately trained and supported. Failing to invest the additional resources to provide effective supervision, beyond the human resource costs and supplies, may be a false economy.
